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In the examination of Electroencephalogram (EEG) data, frequency bands are 

always significant because they determine how the brain responds to various 
activities and circumstances in different situations. However, it is usually accepted that each 
brain region is associated with a certain activity, such as auditory, visual, or cognitive tasks. 
Moreover, to retrieve additional information from the brain, it is often required to establish 
new neural connections. In this study, the researchers established a functional relationship 
between different EEG frequencies and the cognitive task under investigation. The 
frequencies of alpha, beta, and theta waves are often discussed in connection to cognitive 
tasks, but the frequency of the delta wave is seldom referenced throughout the cognitive 
process. We then focused on the frequency of delta waves in different parts of the brain, 
such as the occipitalandfrontalregions. 
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( } ognitive processes are constantly under critical relevance in the field of neuroscience. 
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Introduction 

EEG is a popular and widely used technique for the collection of brain data due to 
its higher temporal resolution. Since the brain is a complex part of the body, having billions 
of neurons, it is difficult to measure every brain activity. EEG equipment is available with a 
higher number of electrodes like 256 or 512, so it can collect enough data to differentiate the 
task from the baseline or different tasks. 

EEG data is often described in terms of frequency bands, which correspond to 
distinct frequency ranges. Alpha, beta, gamma, theta, and delta are the most frequently 
encountered frequencies. The frequency range of alpha («) is between 8 and 15, beta (8) 
between 16 and 31, gamma (Y) between 32 and 50, delta (8) between 0 and 4, and theta (0) 
between 4 and 7 [1]. The 0 and 6 are located in the slow-wave band, while « and 6 are 
located in the rapid wave band. A fast band is characterized by rapid oscillations of neural 
synchronization, while a slow band is characterized by slow oscillations of neural 
synchronization. All of the various frequency bands act in a completely autonomous manner 
under distinct physiological conditions [2]. These different states are due to various brain 
states which are rapidly changing due to the task or surroundings. These different states are 
due to various brain states that are rapidly changing due to the task or surroundings. These 
different tasks changed the neuronal activity in different brain regions. Often, due to the 
neuronal activity, more than one brain region is activated, and those various brain regions 
are interconnected for that specific task. A simple example is a visual task, which activates 
not only the occipital lobe but also the primary visual cortex and the lateral geniculate 
nucleus. The primary visual cortex is the primary source of a visual task, which is more 
activated during visual tasks than other brain regions activated for different other tasks [3]. 

Different EEG frequencies are discussed in existing studies for cognitive tasks [4], 
[5] as the researchers want to find the brain condition in different tasks. Few studies have 
discussed the delta band for cognition as various frequencies are involved in cognitive tasks 
[6], [7]. Moreover, their main focus was only on the frontal region, but in this study, we 
focused on both the frontal and occipital regions and mainly targeted the fast-wave activity 
[8]. 

Power rises or drops in distinct frequency regions of the brain throughout the task, 
whether it be cognitive or otherwise, in comparison to the baseline power during the task (in 
this case, eyes open). These frequency bands are either directly or indirectly connected to 
one another. For example, a rise in alpha power will result in a decrease in theta power [9], 
[10]. 

In a study by Wolfgang, the role of alpha frequency is explained in the cognition task 
[11]. They also mentioned that alpha frequency is dominant during such tasks. The relation 
between alpha frequency and conscious visual perception is also discussed by Babiloni and 
his colleagues [12]. Knyazev et al. [13] also discussed the role of beta and delta frequency in 
their study and mentioned that delta-beta coupling can be seen during anxiogenic situations. 
The relationship between delta and alpha power during the cognitive task is discussed and 
proved by Harmony [14]. In the study, it is mentioned that when delta power is increased, 
the alpha power decreases. In a short-term memory experiment, Ole Jensen [15] mentioned 
that in the alpha band the oscillations increase with the load on memory. The role of delta 
frequency during the motivational process is also mentioned in a few studies, such as those 
discussed by Knyazev [16], [17], and Prada [18] discussed in their studies. Prada explained 
the role of delta frequency in the human brain for P300 event-related potential. 

Other than delta frequency, theta frequency is also discussed and explained in 
various studies. Like alpha frequency, theta also has a role in the working of the human 
brain. Raghavachari [19] discussed in the study that theta frequency has a significant role in 
human memory and sensory processing. The combined role of alpha and theta frequencies is 
explained by Moran et al. [20], in which it is mentioned that both frequencies correlate with 
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peak frequency. In this study, a working memory task was designed. Moreover, alpha and 
theta frequencies are also discussed by Lagopoulos et al. [21]. All the above-discussed studies 
explain the role of delta and theta bands during different cognitive tasks. In this study, theta 
and delta frequencies are discussed in detail along with the combined role of the occipital 
region, including the primary visual cortex, during the cognitive task. This brain region is 
mostly ignored during cognitive tasks for delta and theta frequencies since the existing 
studies mostly discussed alpha, beta, and gamma frequencies during the cognitive tasks [22]. 

In the current study, various frequency bands are observed during different tasks, 
i.e., cognitive tasks and baseline, which is eyes open. Although the frequencies are observed 
in various brain regions, the primary focus was on the occipital region and primary visual 
cortex. We have found power for various frequency bands during the two tasks as discussed 
above. The data was taken from all four lobes of the human brain and focused on slow 
oscillations. 

In this study, the behavior of the human brain is found using EEG. This study is one 
of the novels as the experiment was designed especially with this study in e-prime. The data 
was pfe-processed and finally, analysis was done in MATLAB. Various techniques and 
methods were applied to find the significant results from a novel experimental design. The 
statistical results show that this study is a vital addition to this field and explains the behavior 
of the brain in a better way. 

Materials and Methods 

a) Participants 

In the current study, the data was collected from eight subjects. However, data from 
seven subjects were used for further analysis. Data from one subject was excluded due to the 
occurrence of artifacts, and that data did not give significant results. All of them were 
volunteers, and their ages ranged between 17 and 31 years. All of the subjects were fit and 
healthy and had normal vision. 

b) Tasks 

The trial comprises two physiological environments: one in which the eyes are open and 
another in which a cognitive activity is performed. During the eyes open, data was recorded 
for baseline, and during the cognitive task, data was used as IQ for the subjects. The 
participants were presented with a questionnaire as part of the assignment. There were a 
total of 40 questions offered, consisting of both metaphorical and quantitative questions. 
The question appeared on the screen, and the participant had to choose the right choice. 
The maximum time of 60 seconds was described for each question. The subject must choose 
just one option within the allotted one-minute time frame. The difficulty level of questions 
grew as the number of questions increased. Following an answer to a question, the next 
question appears on the screen very shortly afterward. 

c) EEG Recording Procedure 

The EEG data for this investigation were collected using a 128-channel Electrical 
Geodesics Incorporated (EGI) system, which is a US-based company, and was employed for 
the first time in this study. A sampling frequency of 250 Hz was used in this study. A 
recording of the EEG was made at the Center for Intelligent Signal and Imaging Research at 
the University Technology PETRONAS (UTP). The experiment was approved by the local 
ethics commission. The specifics of the work have previously been described above, along 
with a description of baseline measurements (eyes open). The proper instruction was 
provided to the subjects that they should focus on the questions and read them carefully 
before answering them. 

d) EEG Data Pre-processing 

In this study, the data was preprocessed using paid software from Brain Source Analysis 
(BESA), a German-based company. During preprocessing, a bandpass filter was used to 
remove the unnecessary frequencies. After the filtering process, only 0.3 to 40 Hz 
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frequencies were used. Moreover, eye blink artifacts (EOG) and muscular artifacts were also 
removed using BESA, and data correction was also done with the same tool. The whole data 
set was visualized manually, and all the unwanted signals were either corrected or removed 
from the data before further analysis. By using the default block epoch, any unwanted 
pattern can be removed in BESA. After removing and correcting the artifacts, the data was 
exported to MATLAB for further processing. All the analysis, after preprocessing, was done 
in MATLAB. 
e) Results 

The EEG data were collected from 8 subjects with two conditions only, one is the 
cognitive task and the other is the baseline (eyes open). The data was taken from 128 
channels, but the occipital region was finally selected for further analysis. The data was taken 
from four channels of the occipital region: 70, 75, 82, and 83. 

The data of one subject was excluded due to artifacts during EEG recording. The 
average of seven subjects was taken for further analysis. The results were recorded using two 
different methods. Firstly, the analysis was done using time-frequency analysis, and secondly, 
the mean and standard deviation were taken for the 7 subjects at different frequencies, Le., 
starting from 1 till 20 for both conditions. The graphs were plotted for both conditions, Le., 
baseline and cognitive task. The graphs were shown in 3-D time-frequency representation, 
which gave a comprehensive analysis of both conditions. Moreover, power for different 
frequency bands was measured for both conditions. These frequency bands are alpha, beta, 
theta, delta, and gamma. The graphs were plotted separately for both conditions but only for 
the occipital region and selected channels, i.e., 70, 75, 82, and 83. 

Although power, mean, and standard deviation were found for all four channels, 
only two of them are mentioned in the results as all four have the same type of behavior 
during both conditions. Figures 1 and 2 show the power of wavelet coefficients during 
baseline and cognitive tasks simultaneously for channel 83. It can be observed in Figure 1 
that during EO (baseline), the power is low compared to IQ (Figure 2) for delta and theta 
frequency bands, but it is reversed for alpha and beta, which means the power is high in the 
case of baseline (EO). The same pattern is observed for the other three frequencies. 
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Figure 1: Power found using Wavelet Coefficients for channel 83 during Baseline. 
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Figure 2. Power was found using Wavelet Coefficients for channel 83 during the 
Cognitive task. 


For statistical analysis, the mean and standard deviation of all the four channels were 
found, ie., 70, 75, 82, and 83. In this scenario, there are two different conditions: EO used 
as a baseline and IQ used as a task. It is hypothesized that significant results can be found 
between EO and IQ for all the mentioned channels. To verify the hypothesis, a t-test is 
applied to all given channels against the mean and standard deviation for both conditions, 
ie., EO and IQ. The t-test results against mean and standard deviation show significance for 
EO and IQ, while t-test results between the channels of the same conditions, 1e., IQ, have 
high values, which shows that the impact of the IQ task on all channels is almost the same. 
The mean and standard deviation of two channels are shown in Table 1 only for two 
different conditions, ie., EO and IQ. The other two channels also have the same type of 
effect. Moreover, the t-test results of the mean and standard deviation of channels 83 and 75 
are mentioned in Table 1. The details of the same parameters for the same channels are 
shown in Table 2 but for the same brain condition, i.e., IQ. 

Table 1: Mean and Standard deviation of two channels 83 and 75 for both conditions along 

with t-test results. 

Channel 83 Channel 83 Channel 75 Channel 75 
Mean | Mean Std Std Mean | Mean Std Std 
EO IQ EO IQ EO IQ EO IQ 
Subject | 107.3) 169.78) 102.02] 106.55] 92.36 | 157.11 83.78 | 100.86 
1 
Subject | 170.2) 214.11) 138.93] 194.46] 163.54 | 211.69} 117.85) 166.8 
2 6 
Subject | 121.8] 199.3 72.3 | 181.87 | 113.99 | 180.74] 64.71) 178.41 
3 4 
Subject | 124.6) 202.4 74.4) 1845) 115.5} 181.7 66.8 | 180.5 
4 
Subject | 223.3) 393.16] 140.04 | 363.02 | 220.58 | 358.18 | 141.54 | 296.72 
5 
Subject | 224.3) 284.09 | 140.29 | 244.77 | 204.37 | 280.45 | 129.95 | 243.93 
6 
Subject | 318.9) 435.38) 209.43] 290.6 | 320.38 | 419.84 | 225.15 | 290.32 
7 8 
t-test 0.101 0.01942 0.12611 0.02277 
result 
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Table 2: Mean, Standard deviation of two channels 83 and 75 for IQ task along with t-test 


results. 

Channel 83 Channel 75 Channel 83 Channel 75 

Mean (IQ) Mean (IQ) Std (IQ) Std (IQ) 
Subject 1 169.78 157.11 106.55 100.86 
Subject 2 214.11 211.69 194.46 166.8 
Subject 3 199.3 180.74 181.87 178.41 
Subject 4 202.4 181.7 184.5 180.5 
Subject 5 393.16 358.18 363.02 296.72 
Subject 6 284.09 280.45 244.77 243.93 
Subject 7 435.38 419.84 290.6 290.32 
t-test result 0.7822 0.7171 


Discussion 

Specifically, the presented research seeks to determine whether changes in various 
frequency bands occur or not across various activities such as cognitive and baseline (eyes 
open) tasks. Some prior research [23] has addressed this topic, but the delta band was mostly 
disregarded in the majority of them. In this research, the behavior of distinct brain 
oscillations is noticed in the occipital area, namely in the primary visual cortex; nevertheless, 
the delta frequency band is the major focus of attention. Slow-wave (SW) activities are found 
in the delta frequency range, which is also essential in comparison to high-wave events, 
which are found in the alpha and beta frequency bands. The attentiveness of a subject is the 
most important factor in a slow wave. 

In the other method, the mean was calculated along with the standard deviation for 
each frequency band during both tasks. The difference in the mean and standard deviation 
between the cognitive task and the baseline was observed. This difference is shown with the 
help of graphs in Figures 3 and 4 respectively. This figure shows that there is a positive 
difference from 1 to 7 Hz between the cognitive task and the baseline. This demonstrates 
that theta and delta frequencies have greater power values for the IQ task when compared to 
baseline, whereas the power value for alpha and beta frequencies is negative from 8 to 14 
Hz, demonstrating that alpha and beta frequencies have greater power during baseline when 
compated to cognitive tasks. Moreover, the difference is very small compared to the 
frequency band of 15-20 Hz. The results are consistent with both methods (mean and 
standard deviation) and for different channels, which analyze the brain activities with two 
different analysis techniques. In conclusion, it can be said that delta and theta frequency 
bands have higher values or power during the cognitive task, while in the alpha frequency 
band the power is reduced. The same patterns were observed in additional brain regions like 
the parietal and frontal [14]. These frequency bands, ie., theta and delta, have a key role in 
brain studies like alpha and beta. 
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Figure 3: Variance of Mean between Cognitive task and Baseline for two channels. 
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Figure 4: Variation of Standard deviation between Cognitive task and Baseline for 
two channels. 


Conclusion 
Although all frequency bands are important in EEG, the however delta frequency 
band is also an important band that is ignored in most of the studies for the cognitive task. 
This frequency band has a changing behavior in different conditions. In one of the studies 
[24] it is mentioned that this frequency band is also linked with food and sexual arousal 
activities and delta has a higher value during these types of activities. In our study, it is 
explained that the theta and delta bands have a significant role during the cognitive task. The 
results showed that the delta band has a higher value during attention. The frequency range 
of delta is lower compared to other bands like delta has frequency 0-4; although the 
frequency is minimum of all bands but is equally significant as in the case of alpha and beta. 
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